ABSTRACT.-Proportions of juvenile birds in migrant populations at coastal stopover sites are often higher than proportions of juveniles at inland stopover sites, a phenomenon called the ''coastal effect.'' The northern Great Plains forms the western boundary of the migratory ranges for many Neotropical woodland migrants. Moreover, woodland habitat is scarce in this region, consisting primarily of natural riparian corridor woodlands (hereafter corridors) and planted woodlots and shelterbelts around farmsteads and agricultural fields (hereafter woodlots). Due to the scarcity of woodland habitat, one might expect that adults-by virtue of their experience and better-developed navigational abilities-would avoid the Great Plains during fall migration, thus producing age structures in migrant populations similar to those found at coastal sites. We tested this ''inland coast'' hypothesis for Neotropical migrants captured during fall migration at corridor and woodlot stopover sites in southeastern South Dakota. We classified migrants into three groups based on whether our South Dakota study sites were peripheral (western edge of migratory range within South Dakota), near-peripheral (western edge in, or just west of, Wyoming or Montana), or central (western edge well west of Montana and Wyoming) to their regular migratory ranges. We captured higher juvenile proportions of peripheral (86.5 Ϯ 10.4%, 2 species) and near-peripheral (85.6 Ϯ 4.5%, 7 species) migrants than central migrants (79.6 Ϯ 7.2%, 5 species), but the difference was not significant (P ϭ 0.11). The proportion of juveniles was inversely correlated with the distance of our study sites from the western edge of a given species' migratory range (r ϭ 0.476, P ϭ 0.085). The proportion of juvenile Neotropical migrants at our study sites was near the upper end of proportions recorded for other inland sites in North America, but was slightly lower than those recorded at coastal sites. Our results are, therefore, only partially consistent with the inland coast hypothesis, suggesting that factors other than geographic location also shape age structures at our study sites. The mean proportion of juveniles (for species captured Ն13 times in both habitats; n ϭ 10) was significantly greater (P ϭ 0.002) in the woodlot (89.1 Ϯ 7.0%) than in corridors (73.8 Ϯ 12.5%). The differential age structure in the two habitats suggests that habitat characteristics may influence age structure of the migrant community, but mechanisms for such an influence are currently unknown.
Variation in age structure among Neotropical migrants at stopover sites during migration may indicate age-related differences in the selection of migration routes (Clench 1969 , Ralph 1981 , timing of migration (Drury and Keith 1962 , Hussell et al. 1967 , Stewart et al. 1974 , Hall 1981 , or navigational abilities (Drury and Keith 1962, Ralph 1978) . Ralph (1971 Ralph ( , 1978 proposed that age-related differences in migratory orientation abilities and experience may lead to a higher-than-expected incidence of juvenile birds at coastal sites or at the peripheries of migratory routes, a so-called ''coastal effect. ' 4 Corresponding author; e-mail: dlswanso@usd.edu supporting these conclusions were derived by comparing age structures and densities at coastal stopover sites with similar data from interior sites (Drury and Keith 1962; Murray 1966; Ralph 1971 Ralph , 1978 Ralph , 1981 . Subsequent research has confirmed the generally high proportion of juveniles at coastal stopover sites (Hall 1981 , Stewart 1986 , Taylor et al. 1994 , Morris et al. 1996 , Woodrey and Moore 1997 . Ralph (1981) further argued that sites with higher percentages of juveniles and lower overall densities were principal criteria for defining the periphery of a species' migration route. This argument implies that the causative factor for the high proportions of juveniles at coastal sites is that they are peripheral to the main migratory route for the species. The basis for this argument is the unproven assumption that following a main migratory route is an adaptive behavior, and that individuals straying from these routes suffer increased mortality, and thereby reduced fitness (Ralph 1981) . The coastal effect could also result from young birds seeking out coastal habitats for a variety of reasons (e.g., better food resources, decreased competition with adults, navigational purposes). None of these alternatives has been adequately addressed and the causative factors underlying the coastal effect are not well understood. If, however, Ralph's (1981) assumption-that the periphery of a migratory route confers lower fitness-is valid, and juveniles occur in higher proportions at the periphery due to less effective navigation, then the proportion of juveniles at the periphery of a species' migratory route should be high relative to more-central sites, whether coastal or inland. Age structures during fall migration have been documented for several inland sites (Ralph 1971 (Ralph , 1978 (Ralph , 1981 Stewart et al. 1974; Hall 1981; Rimmer and McFarland 2000) , but none of these sites lies near the inland boundary of the migratory ranges for migrants typically associated with forested areas in eastern North America. Consequently, the age compositions of fall migrants at inland peripheries of routes are essentially unknown. The northern Great Plains lies on the western periphery of migratory routes used by a number of eastern migrants (American Ornithologists' Union 1998). Current landscapes of the eastern portion of the northern Great Plains consist mainly of agricultural habitats interspersed with pastures and grasslands. Woodland habitats in this region are scarce, composing only about 4% of land area in southeastern South Dakota. Historically, they consisted mainly of natural, deciduous riparian woodlands bordering streams and rivers (hereafter corridors), but they have since been supplemented with woodlots and shelterbelts surrounding farmsteads and agricultural fields (hereafter woodlots). Of the current woodland area in southeastern South Dakota, 60 and 40% is composed of woodlots and corridors, respectively (Castonguay 1982) . If adult birds are capable of more refined orientation during migration than juveniles, then it might be expected that they would avoid the relatively inhospitable landscapes of the northern Great Plains, which would result in age structures skewed toward juveniles in this region. As a consequence, age structures of migratory populations in this area might resemble coastal age structures, at least for those species for which the northern Great Plains are peripheral to the main migratory range. A corollary prediction of the coastal effect hypothesis is that the proportion of juveniles should be greater in migratory populations of peripheral species than central species.
We evaluated the age structure of Neotropical migrant passerines captured at corridor and woodlot study sites during fall migration in southeastern South Dakota to delineate agerelated migratory patterns in the northern Great Plains. Our objectives were to determine (1) whether coastal-like proportions of juveniles occurred at these study sites, (2) whether the proportion of juveniles in migrating populations differed between peripheral and central species, and (3) whether proportions of juveniles differed between corridor and woodlot study sites-the two habitats that represent the major types available to woodland migrants seeking stopover sites in this area.
METHODS
Study sites.-We captured Neotropical migrants with mist nets (9 ϫ 2.6 m, 30 mm mesh) at four corridor sites in Clay and Union counties in southeastern South Dakota during fall migration (15 August-6 October) from 1993 through 1995. Three of the study sites were located in riparian corridor habitats along the Missouri and Big Sioux rivers. The fourth study site was located on a north-south tributary of the Big Sioux River (Brule Creek), and included both upland and riparian deciduous habitats. Migrants were also captured with mist nets at a single farmstead woodlot study site (ϳ3.5 ha) during fall migration (15 August-6 October) in 1996 and 1997. These study sites and their vegetation are described in detail in Dean (1999) and Swanson et al. (2003) . Because we sampled in corridor and woodlot study sites in different years, between-year differences might confound comparisons of age structure between sites; however, Ralph (1981) showed that 2 years of intensive sampling produced juvenile percentages within 5% of long-term averages for 95% of all species. Because we sampled intensively for at least 2 years at each study site, our data should accurately reflect the long-term age structure of migrants at these sites. Moreover, early August to early October encompasses the major migration period for both adults and juveniles of most species of Neotropical woodland migrants that move through southeastern South Dakota, except perhaps, for later-migrating individuals of late migrants, such as Orange-crowned (Vermivora celata) and Yellow-rumped warblers (Dendroica coronata; Tallman et al. 2002) . Capture techniques.-Mist nets were placed at specific locations within each study site during fall migration; the same net locations were used throughout the study (both within and between years) at both corridor and woodlot study sites. Weather permitting, mist-netting was conducted 7 days per week at corridor sites and at least 6 days per week at the woodlot site. We opened 5-7 nets at each corridor site and 7-10 nets in the woodlot site; net hours were recorded as one net open for 1 hr ϭ 1 net-hr. We sampled corridors only in the morning (sunrise until approximately 11:00 CST), whereas we sampled the woodlot in mornings and often evenings (for 2-3 hr prior to sunset) as well (Dean 1999 , Swanson et al. 2003 . Mist-netting at corridor sites occurred on a 4-day rotation so that each site was visited every 4th day-except during fall 1995, when flooding prevented continuous access to the Big Sioux River site. During the period of flooding, we alternated between the two Missouri River study sites and the Brule Creek site on alternate days. Nets were not opened on rainy or very windy days. Total net-hr were 2,050 for corridor sites and 5,107 for the woodlot site (Dean 1999 , Swanson et al. 2003 .
Age structure analysis.-All birds were aged (hatching year ϭ HY, after hatching year ϭ AHY) by skull ossification, which is a reliable aging technique through at least the month of September for most Neotropical migrant passerines (Pyle 1997) . For analysis of the ''inland coastal effect,'' we classified migrants into three groups (peripheral, near-peripheral, and central) based on the degree to which our study sites were peripheral to their regular migratory range (Table 1) . Division of migrant birds into these groups was based on the broad-scale migratory range maps in Sibley (2000) and the finer scale migration maps in Tallman et al. (2002) . If the western border of the main migratory range fell within South Dakota, we classified species as peripheral migrants; if the western border of the main migratory range at the latitude of South Dakota fell in, or just west of Wyoming or Montana, we classified species as near-peripheral migrants; and, if the western border of the main migratory range fell well west of Montana and Wyoming, we classified species as central mi- FIG. 1 . Correlation between proportion of juveniles (species captured Ն15 times) for pooled corridor/ woodlot sites and distances from our study sites to the approximate western boundaries of species' migratory ranges.
grants. Yellow-rumped Warbler was classified as a near-peripheral migrant because the Myrtle race (D. c. coronata) is a common fall migrant in eastern South Dakota, but is rare in western South Dakota and casual in western North America away from coastal wintering areas (Hunt and Flaspohler 1998, Tallman et al. 2002) . We did not include migrants that regularly breed at our study sites because we could not reliably distinguish between local breeders and passage migrants from farther north. Grouping species into arbitrary associations (e.g., by migratory boundaries) introduces difficulties in analyses such as these because each species has range boundaries that are not identical to those of other species, and which may vary temporally. However, because we were interested in broad-scale patterns of age structure that should apply generally to migrants-depending on the relative degree to which our sites are peripheral to the migratory range-we contend that pooling species into these groups does provide an adequate test of the ''inland coast'' hypothesis.
Migratory group comparisons.-We analyzed differences in juvenile proportions among migratory groups by calculating the percentage of juveniles for individual species captured Ն15 times and then calculating means for each group. Percentage data were arcsine-transformed prior to calculating means and we used one-way ANOVA to compare group means. Because only two species of peripheral migrants met the criterion of Ն15 captures, the power of one-way ANOVA to detect differences among means was very low. Consequently, we also compared mean juvenile proportions of pooled peripheral and nearperipheral migrants (means for the two groups were essentially identical, see Results) with central migrants by t-test.
We also calculated Pearson's correlation coefficients to test for correlations between proportions of juveniles at our study sites and distance to the edge of the migratory range. To determine distance to migratory range edge, we measured the approximate distance (nearest 50 km) to the migratory border (from maps in Sibley 2000) for each species at the latitude of our study sites (43Њ N) with the Geodetic II World Distance Calculator program, ver. 1.0 (www. infoairports.com/freeservices/worlddistance. html). For the Myrtle race of the Yellow-rumped Warbler, whose migratory range Sibley (2000) depicts as extending west to the west coast of North America (where it is only a casual fall migrant away from the coast; Hunt and Flaspohler 1998), we arbitrarily selected the western border of Wyoming as the edge of its migratory range. Changing the western edge of the migratory range for this species by 500 km in either direction resulted in a maximum change of only 0.012 in the Pearson's correlation coefficient, so the exact position of the migratory boundary had little impact on our results.
Comparisons with other sites.-We used paired t-tests to compare mean proportions of juveniles for species that occurred at both our study sites (corridors and woodlot pooled) and other inland sites (see Fig. 1 ). We also calculated Pearson's correlation coefficients to test for correlations between latitude and proportions of juveniles at inland and coastal study sites. Latitudes for other study sites in North America, when not reported, were estimated (to the nearest 0.5Њ N) with the Geodetic II World Distance Calculator program.
Between-habitat comparisons.-For each migratory group, we used t-tests to compare mean percentages of juveniles in corridor sites versus the woodlot site [calculated for species captured Ն15 times in each habitat, but also including Red-eyed Vireo (Vireo olivaceus) and Northern Waterthrush (Seiurus noveboracensis), captured Ն15 times in corridors but only 13 times in the woodlot]. For betweenhabitat comparisons of juvenile proportions by individual species (using only those species captured Ն15 times), we used a log-likelihood ratio for 2 ϫ 2 contingency tables (G statistic, Zar 1996) .
Additional statistics.-Median migration dates were established for species with Ն6 captures for each age class. Age-related synchrony of migration was compared using a median test 2 ϫ 2 contingency table, which was analyzed by chi-square or Fisher's Exact tests (Zar 1996) . Statistical significance for all tests was set at P Ͻ 0.05, except for paired ttests of species that occurred at both our sites and other inland sites, and G-tests and median tests on individual species where multiple significance tests were required. For these tests, we used a sequential Bonferroni procedure (Rice 1989 ) to adjust ␣-levels and reduce the probability of type 1 errors, with k ϭ 7 for paired t-tests, k ϭ 8 for between-habitat comparisons for individual species, and k ϭ 6 in both corridors and woodlots for median tests for individual species. Means are presented Ϯ SD.
RESULTS
Migration timing.-One factor influencing the variability of age structures at stopover sites may be age-related asynchrony in migratory timing. If sampling effort is not even over the entire migration period, or if peak migratory periods for specific age groups are undersampled, then calculations of age structures may be inaccurate (Kelly and Finch 2000) . The age structures we report are not a reflection of asynchronous migration, as median migration dates of adults and juveniles did not differ (P Ͼ 0.05, all species).
Migratory group comparisons.-The proportions of juveniles (for species with Ն15 captures, Table 1 ) for peripheral migrants (86.5 Ϯ 10.4%, n ϭ 2 species), near-peripheral migrants (85.6 Ϯ 4.5%, n ϭ 7 species), and central migrants (79.6 Ϯ 7.2%, n ϭ 5 species) did not differ (F 2,11 ϭ 1.474, P ϭ 0.27). The proportion of juveniles was higher for peripheral and near-peripheral migrants pooled (85.8 Ϯ 5.3%) than for central migrants, but not significantly so (t 12 ϭ 1.73, P ϭ 0.11). (D. castanea) , and Scarlet Tanager (Piranga olivacea). The pooled proportion of juveniles for these 12 species was 93.8%. The proportion of juveniles was inversely correlated (marginally; r ϭ 0.476, P ϭ 0.085) with the distances of our study sites from the edges of species' migratory ranges (Fig. 1) .
Comparisons with other sites.-The proportion of juveniles captured in South Dakota fell within the range (corridor sites) or were near the upper end (woodlot site) of proportions recorded at other inland sites in North America (Fig. 2) . Comparisons of shared migrant species revealed that South Dakota study sites had higher proportions of juveniles than all other inland sites, but in only one case was the difference significant (South Dakota versus Carlisle, PA; Table 2 ). Ralph (1981) considered individual species to exhibit coastal age ratios if the percentage of juvenile birds was Ն85%. For species with at least 13 captures in our study, coastal-like age ratios (Ն85%) were obtained for only 1 of 10 species in corridor sites, but for 9 of 11 species in the woodlot site (Table 1 ). The proportion of juveniles was not correlated with latitude for either inland (r ϭ 0.43, P ϭ 0.25) or coastal (r ϭ 0.07, P ϭ 0.92) sites (Fig. 3) .
Between-habitat comparisons.-The proportion of juveniles was greater in the woodlot than in corridors for both peripheral/near-peripheral (t 10 ϭ 2.82, P ϭ 0.018) and central (t 6 ϭ 2.55, P ϭ 0.044) migrants (pooled: 73.8 Ϯ 12.5% juveniles in corridors, 89.1 Ϯ 7.0% juveniles in woodlots; t 18 ϭ 3.55, P ϭ 0.002; Fig. 4 ). Of the species captured Ն15 times in both corridors and the woodlot (n ϭ 8 species), only ''Traill's'' Flycatcher (Empidonax traillii and E. alnorum; G ϭ 8.76, P ϭ 0.004) and Least Flycatcher (E. minimus; G ϭ 8.42, P ϭ 0.004) differed in age structure between corridors and the woodlot: for both species, there were greater percentages of juvenile birds in the woodlot than in corridors. (Hall 1981) ; Wool Ranch and Farallon Islands, CA (Stewart et al. 1974) ; Mt. Mansfield, VT (Rimmer and McFarland 2000) ; Whitefish Point, MI (R. Utych pers. comm.; data from fall migration seasons 1995-1997); coastal Alabama (Woodrey and Moore 1997) ; corridor and woodlot sites, SD (this study); Appledore Island, ME (Morris et al. 1996) ; coastal VA (Stewart 1986 ); Palomarin, CA (Taylor et al. 1994) ; and Veracruz, MX (Winker 1995) . The coastal Alabama stopover site was included with the inland sites because it is far removed from the Atlantic coast and lies directly south of inland migration routes. The Veracruz site is unique due to the extreme narrowing of the continental landmass at that location, and is presented separately from inland and coastal sites. DISCUSSION Migratory group comparisons.-The proportions of juveniles among peripheral and near-peripheral migrants were slightly greater than they were for central migrants. The proportion of juveniles was inversely related to the distance of our sites from the boundaries of their migratory ranges (P ϭ 0.085). Capture rates (this study) and abundance estimates from point counts (Dean 1999 , Swanson et al. 2003 ) of peripheral and near-peripheral species also were typically lower than those for central migrant species, which is one of the criteria proposed by Ralph (1981) for delineating the periphery of a species' migratory range. The pooled proportion of juveniles for FIG. 4 . Proportions of juveniles at corridor and woodlot sites, by two migratory groups, calculated using only species captured Ն15 times in both habitats (but also including Red-eyed Vireo and Northern Waterthrush, both of which were captured only 13 times in the woodlot). Sample sizes (number of species) are shown above bars. Bars with different letters (a, b) indicate significant differences (P Ͻ 0.05).
12 rarely captured species of peripheral migrants was 93.8%, similar to proportions of juveniles at coastal locations. Taken together, these data provide modest support for the inland coastal effect hypothesis.
Comparisons with other sites.-The proportions of juveniles at our study sites, especially at the woodlot, were at the upper end of proportions recorded at other inland sites in North America-also consistent with the inland coast hypothesis. Juvenile proportions for Neotropical migrant populations range from 91.3 to 94.4% HY birds at sites on both the east and west coasts of North America and from 67.3 to 86.3% HY birds at other inland sites (Fig. 2) . However, relatively few species in our study had Ն90% HY birds-a proportion commonly found at coastal sites. Our data, then, are not wholly consistent with our hypothesis of an inland coastal effect during fall migration whereby adults avoid the northern Great Plains. This suggests that geographic position relative to the main migratory range is not the only factor shaping age structure at inland stopover sites. Less extreme avoidance of the northern Great Plains than of coastal sites by adult birds makes some sense in terms of selection pressures on migrants. Although the northern Great Plains offer little favorable stopover habitat for woodland migrants, the fitness consequences of straying over this region are not as overtly negative as those of straying over the open ocean.
The proportions of juvenile birds at several inland sites-including those in our studywere greater than the predicted 50-80% of fall populations based on clutch sizes and survival (Ralph 1981) . While age structures at inland sites are not as heavily skewed toward juveniles as those at many coastal sites, in several cases inland and coastal sites showed only relatively minor differences. Potential explanations for the higher-than-expected incidence of juveniles at inland sites may include some or all of the following: high breeding productivity (e.g., double-brooding) of migrants (e.g., Holmes et al. 1992) , high adult or low juvenile mortality, or lack of age-structure data from a sufficient number of inland sites to provide an accurate overall picture of geographic variation in age structure of eastern migrants. Further study is needed to distinguish between these possibilities.
Variation in age structure among sites might also be explained by differential mortality among age-classes. Annual mortality is highest for migrant birds during migration, and may account for up to 85% of annual mortality in some species (Sillett and Holmes 2002) . Juveniles are thought to suffer heavy mortality rates during their first migration, especially when migrating over geographic barriers (Ralph 1978 , Gauthreaux 1982 , Goss-Custard et al. 1982 , Moore et al. 1995 . If juvenile mortality is higher than adult mortality during fall migration, then age structure should be more skewed toward adults with increasing distance along the migratory route. However, age structure was not significantly correlated with latitude for either coastal or inland sites in North America, suggesting little differential mortality among age classes.
Another possible method for indirectly assessing juvenile mortality during fall migration is to compare juvenile proportions for species at our study sites with those at stopover sites farther to the south, and therefore farther along the migratory route. Ceilometry data suggest that fall migrants in southeastern South Dakota adopt southeasterly headings (Dean 1999) , which, if held constant, would lead them to coastal sites in southern Alabama or Mississippi, and then over or around the Gulf of Mexico. Juvenile proportions were only slightly higher in southeastern South Dakota than in coastal Alabama (Woodrey and Moore 1997; Fig. 2) . Moreover, for the two migrant species that occurred at both our study sites and the coastal Alabama study site, juvenile proportions were 87.5 and 87.0% (Red-eyed Vireo) and 80.0 and 71.9% (Swainson's Thrush, Catharus ustulatus) at South Dakota and Alabama sites, respectively. However, the proportion of juveniles was greater at our study sites than at the Isthmus of Tehuantepec in southern Mexico (Winker 1995) . These data are consistent with similar mortality of adults and juveniles en route from South Dakota to Alabama, but higher juvenile mortality later in migration. Alternatively, this pattern might be explained by the unlikely possibility that fewer adults than juveniles make trans-Gulf flights (thereby bypassing the Isthmus of Tehuantepec), or by en route recruitment of juveniles along the migratory route. In any event, these data do not provide strong evidence for a high rate of juvenile mortality contributing to the difference in juvenile proportions among inland stopover sites.
Between-habitat comparisons.-Juvenile proportions were generally greater in the woodlot site than in corridor sites. Such a pattern could potentially arise from differences in habitat quality between corridors and woodlots. Vegetational structure and diversity differ among the two habitats: woodlots are generally small, isolated from each other, and exhibit low plant diversity; corridors are generally much larger, more contiguous, and have higher diversity (Dean 1999 , Swanson et al. 2003 . Because of these differences, corridors might be expected to provide better stopover habitat than woodlots. If corridors are better habitat for migrants than woodlots, then the previous experience and more refined navigational abilities of adult birds (Ralph 1981) would lead us to expect higher densities of adults than juveniles at corridor sites. This tendency could strengthen if adults competitively displace juveniles from corridor sites. If adults preferentially occupy higher-quality stopover sites, then juveniles might occur in greater proportions at lower-quality sites throughout the migratory range. Such a relationship could help explain the coastal effect (if coastal sites are generally inferior to inland sites) and the relatively wide variation in proportions of juveniles at inland sites (Fig. 2) .
Competition for food among migrants can occur at stopover sites and may be more intense where migrant densities are greater (Moore and Yong 1991, Kelly et al. 2002) . The relatively small total area of corridor habitats in southeastern South Dakota might concentrate migrants at these sites, thereby increasing competition. However, densities of migrants were roughly similar at corridor and woodlot sites (Swanson et al. 2003) . In addition, migrants were generally able to gain mass during stopover at the woodlot (Carlisle 1998 , Swanson et al. 2003 ; thus, woodlots appear to serve as suitable stopover habitat. Inasmuch as relative stopover habitat quality at these sites has not been assessed directly, the contribution of habitat quality to differences in age structure is unknown. Moreover, the absence of marked age-related differences in rates of mass gain Glasgow 2001, Jones et al. 2002) suggests that age-related competition may not be a major factor influencing age structures at stopover sites under most circumstances. Thus, the mechanisms responsible for differences in age-structure of migrants between corridors and woodlots in our study are unknown.
